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ABSTRACT 

Tha propertlaa of tha chromospheres, tranaltlon regions and corona* of cool 
avolved atara are reviewed baaed primarily on recent ultraviolet and X-ray studies. 

Recent determinations of mats lots rates using new obssrvstlonal techniques In the 
ultraviolet and radio spectral raglona are dlacuaaed and obaervations Indicating 
general atmoapharic motions are considered. The techniques available for the quan- 
titative modeling of these ateoapherea are outlined and recent results discussed, 
finally our current rudimentary understanding of the evolution of these outer atmo- 
spheres and Its causes art considered. 

X. INTRODUCTION 

The range of astrophyalcel research Implied by the title of this review it eo 
large that tha subject matter must be restricted to fit both the tlw and apace 
available to me. The review la therefore reatrlcted toi 

a) single, cool (spectral-type F-M), evolved atari, 

b) the chromospheres, transition regions and coronas of these atara (l.e. that 
portion of the stellar atmosphere outside the photosphere), and 

c) primarily to advances made during the lsat two or three years using the 
International Ultraviolet Explorer (IUE) satellite In the ultraviolet spectral re- 
gion (1200-3200 R) end the Elntteln satellite In the X-ray spectral region (3-60 *>), 

In recent years several excellent review* have been written on the general 
topic of stellar chromospheres and coronae and I refer the reader to Uneky (1980, 

1982), Duprae (1981a) and Jordan (1963) for a wider coverage of thla research area, 
which hae flourished with the general availability of ultraviolet and X-ray data. 

Hany new and exciting results are emerging from thla research allowing for a far 
deeper understanding of these outer atmospheres then has ever been possible before. 

Detailed studies of' many chromospheric and transition region phenomena require 
observations at the limits of current Instrumental capabilities in terms of both 
length of observation and required accuracy. The work currently being dene Is 
creating the baela of a new research area and laying the foundation fo? studies 
involving future apace observatories. 

( NAS A-CE- 17^4 1 65) GUTEB AlfjQSPHEBES OF GIANT N85- 13703 

AND SOPEfiGIAUT STABS (Joint Inst, for Lab. 

Astrophysics) 14 p EC A02/WI A01 CSCL Q3A 


G3/89 


unclas 

24626 


II. OBSERVED PROPERTIES OP GIANTS 


Observation* of Riant atara mad* during tha flrat year of 1UE operatlona 
clearly ahowed that two dlatlnct forma of ultraviolet spectrum are ceen from there 
atara (Llnaky and Baiach 1979; Brown. Jordan and Wllaon 1979; Dupsre et al. 1979). 
Glanta with apectral type* earlier than K1 have ultraviolet apectra alnllar to thoie 
of dwarf atara In triilch moat of the .llnea are farmed by colllalonal excitation In 
an atmosphere containing materiel at temperatures f row *>6000 K (Hg II reaonance 
doublet) to over 10^ K (C IV and N V reaonance lines). X-ray obaervatlona by the 
Elnataln aatelllta ahowed that theae star* alao possess coronal regions with tenr- 
peraturca up to ~10^ X (Valana et al. 1981; Ayrej et al. 1981; Halach and Simon 
1982). On the ether hand, glanta of apectral type K1 and later ahow no ultraviolet 
eelaalon llnea foraed at teeperaturea much greater than 10* K nor do theae atara 
ahow X-ray eelaalon. Many of the eelaalon line* aeon from theae atara are formed by 
fluoreacence, e«g«, tiie 8 I 1295, 1296 A llnea pumped by the 0 I reaonance llnea 
(Brown and Jordan 1960), and other radiative processes rather than colllalonal pro- 
caine* • A fuller ravlew of radiative proceaaea In the atnoapherea of auch atari la 
given by Jordan and Judge (1963). A typical example of each type of spectrin la 
ahown In Figure 1. 

Obaervatlona of the profile! of the Hg II reaonance doublet at 2796 and 2603 A 
have ahown that a ayatanatlc change alao occur* In the aayanetry of theae optically 
thick, aelf-abaorbed line profile* (Stencel and Hullan 1980). Stara ahowlng coronal 
eelaalon tend to have a atronger blue wing, while the atara ahowlng only cool etnla- 
•lon line* have a atronger red wing and thla la Interpreted a* the preaence of an 
accelerating outflowing atellar wind from the atara with atrong red asymmetries (cf. 
Hummer and Ryblckl, 1968). However, when considering individual stars, especially 
distant high luminosity stare, the Influence of Interstellar absorption is severe 
and can totally alter the observed line profile (Bohm-Vltenae 1981). Stencel et 
al. (1981) ahowed that atari with outflowing winds have extended atmospheres while 
models of coronal stars Indicate an essentially aolar-llke structure. 

Kush controversy has ensued concerning the nature and cause of the division 
between the two types of atmospheric structure Implied by the IUB observations. 
Llnaky and Halsch (1979) flrat proposed the presence of a sharp dividing line in the 
HR diagram between atara showing coronal and non-coronal structure, l.e., through 
the presence of C IV emission. Various authors proposed that the change was more 
gradual in terms of line strengths and other atmospheric properties (Jordan and 
Brown 1981 ; Reiners 1981; Hartmann, Dupree and Raymond 1982) while others have 
sought to strengthen the argument for a sharp division (e.g. Simon, Llnaky and 
Stencel 1982). Ballunaa, Hartmann and Dupree (1983) showed that the C IV emission 
line fluxes of the four Hyades K0 giants were not equal but differed by significant 
amounts even when differing distances were taken Into account. The present situa- 
tion for glanta la that while a large range In tarms of line strength Is seen near 
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Fig. l« Ths low dispersion IUE spectra of B Can, a coronal giant, and n Tau, a atar 
with only a cool extended chroaoaphare. The A Can ipeetrua la from a single 
120 alnute exposure while the a Tau spectrum la the auaaatlon of a aerlea 
of spectra, the longest having an exposure time of ISO alnutea. The upper 
limit on the C IV emission la ~2.5 x 10“ , * t orga cm -2 a -1 with the noise 
level on the combined spectrum being slightly less than but of the same or- 
der aa this value. These spectra were reduced using the Oxford University 
ICL 2980 cosiputer and the aethoda described by Brown and Jordan (1981). 


the dividing line. It seeas that all giant atara, aa they evolve up the red giant 
branch, suffer a fundamental change In outer ataoapherlc structure and this change 
occurs near spectral type Kl. Therefore the position of a giant star In the HR 
diagram, l.e., Its luminosity and temperature, are major factors in detemlnlng lta 
outer ataospherlc structure but the actual level of ealsalon la severely affected by 
an as yet Ill-defined third parameter. 
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III. OBSERVED PROPERTIES OP BRIGHT GIANTS AND SUPERGIANTS 


While tha coronal/non-coronel dividing llna of Llnsky and Halach atlll aacu 
ralavant for giants, thla it not trua for aura luminous atara whets rhe oltuation 
la far aura complicated. Hartmann, Dupraa and Raymond (1981) ehowed that tha atar 
a TrA (KA If) ha a C IV emission although it Ilea conelderably to the right of tha 
Llnaky-ilalach dividing line. Subsequently, Ralaers (1982) Identified three further 
K bright glanta which ehoved C IV ealaalon (i Aur, ft Her and ft TrA) and Kartaann at 
8^(1983), In addition to confining tha flndlnga of Reisers, ahowed that Y Aql haa 
similar proper t lea. Theae atara are known aa hybrid atara and are Identified by the 
praaence of C IV ealaalon and high velocity blue-ahifted abaorptlon components In 
tha Hg II and Ca II raaonanca double ta presumed to be cauaed by an outflowing wind. 
It la tha alaultaneoua preaance of tranaltlon region material and a atellar wind 
which aakea thaaa objects ao Intereating and laportant In underatandlng the transl- 
tion between coronal-typa structure and the cool, extended chroaoapherea of cooler 
atara. Tha early C auperglants. n and ft Aqr, alao ahow the properties of hybrid 
atara and represent the supergiant equivalents of tha K bright giant hybrid stars 
(Hartmann, Dupree and Raymond 1980). (Early K auperglants ahow only cool extended 
chroaoapherea.) No known hybrid atar haa yet been detected as an X-ray source. 

The hybrid stars are variablo both In TR line strength and In the velocity 
and mass flux of their winds aa Indicated by the Hg II abaorptlon coaiponente. Tha 
variability of C IV line strength nay be reeponslble In part for earlier argunencs 
aa to whathar or not particular stars are hybrid atara. Hartmann et al. (1983) 

Hava shown that over a year the velocity of the n TrA Hg II absorption component 
Increased from -8* to -180 km a" 1 . Also, Drake, Brown and Llnsky (1983) find that 
tha high velocity blue-shifted Hg II coaponente of hybrid atara have radial veloci- 
ties that show a greater acatter than those of the narrower low velocity absorption 
components. The variability and breadth of the high velocity features suggest that 
they are formed In a high-velocity rather turbulent atellar wind. The low-velocity 
abaorptlon features, on the other hand, are most probably formed in the Interstellar 
medium. 

In the past, there has been such discussion aa to the nature of the atmospheric 
structure of hybrid atara. Hartmann, Dupree and Raymond (1981) propoaed that the TR 
ealaalon lines were formed In tha outflowing wind and that the heating required for 
thla might be derived from deposition of energy by Alfvln waveo. Llnsky (1982), on 
tha othar hand, propoaed that tha structure had two components, namely, magnetically 
confined TR material and a cooler outflowing atellar wind. The present situation 
(see for Instance, Hartmann at al. 1983) seems to be that the observational evidence 
auggeats that tha C IV raaonanca and C III and SI III interayatem lines are not 
formed In the (teller wind and that the temperature of the wind la no more than a 
few xlO 4 K. 
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IV. HASS LOSS AND HASS LOSS RATES 


Hi** loss 1* *n important process among coni glint* and superglints since the 
onset of miaa Ion la intimately related to the aignlf leant changes In atmospheric 
structure already noted. Accurate determination of mass loss rates la important in 
establishing what effect the observed mas* loa* will have on the evolution of these 
star*. Drake and Llnaky (19B3c) discuss In some detail new methods for the deter- 
mination of mass Ion rate* and reference to those areas shall therefore be brief 
hire. Recent reviews by Castor (1901), Dupres (1981b), Reiners (1981) and Llnsky 
(1981) discuss In depth the nature of and possible mechanisms causing nasi loss in 
cool stars; her* only nav methods and subsequent results will be discussed. 

A. Ultraviolet Observations 

Observations of stellar winds In the ultraviolet are superior to optical stud- 
ies because lines of Ions which are dominant species can be studied. This removes 
many of the uncertain assumption* necessary in the optical derivation of suss loss 
rates. 

The first observations which definitely showed that mass was lost from etars 
were those of the G giant companion of a Her by Deutsch (1956) where absorption 
lines from the wind of the H5 bright giant primary were seen In the spectrum of the 
companion. Such observations allow the use of the companion as a probe of the stel- 
lar wind structure and this technique has been elegantly used by Che, Hemps and 
Reiners (1983) In the ultraviolet to study the winds of the R supergiant primaries 
of 5 Aurlgae-type binary systems. Che et al. modeled the equivalent widths and line 
profiles of F# II, SI II and S II lines seen In the B dwarf companion's spectra 
using a noa-apherlcally symmetric, three-dimensional radiative transfer code. Hasa 
loss rates and wind velocities were determined for F Aur, 32 Cyg and 31 Cyg. The 
mass loss rates fell in the range 0.6-2. 8 (-8) H fi yr“ l with wind velocities of 30- 
BO km s* 1 . 

Haas loss rates can also be determined by modeling the Hg II and, less impor- 
tantly, Ca II resonance doublets. The Hg II lines have the advantages of being 
formed higher In the chromosphere than the Ca II lines due to their greater optical 
depth and of being seen against a lover photospherlc background. The derivation of 
mass lose rate* from observations of these lines Is not a simple calculation nor can 
unique results be guaranteed ^ Drake end Llnaky (1903a) have developed a co-aovlng 
frame, epherlcal syvwtry, partial redistribution (PRD) radiative transfer . code 
which they have used to model the Hg II lines of the KO giant n Boo. Th* mass loss 
rate determined le 1(-10) yr -1 with a velocity of 40 km a” 1 . 
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>. ItadXo Observations 


The Very Large Array (VIA) radio teleecope tiae the ability to ditect cool giant 
and auperglant atari due to the free-free ealealon originating f ron their partially 
or fully lonlxed atellar Hindi. Drake and Unaky (19B3c) preaent a table of derived 
*aee loee ratal for the aaaple of cool atari eo far etudled with the VLA. Of par- 
ticular laportanca la the probable detection of eaiesion fro* K giant* for the flrat 
ti*e (a Boo and It Can). To llluatrate the type of data which the VIA can provide, a 
;6 : ’c* VIA *ap of the region around a Her (fro* Drake and Uneky 1983b) la ahown in 
.Figure 2. 

•.•fV • 

‘ * t * 

The *oet elgnlflcant fact to be noted fro* Table l of Drake and Llniky (1983c) 
ii how i*all the newly derived ■*■• loea rate* are compared with prevloua result*. 
For the rate derived fro* radio obiervatlona there li alwaya the poeelblllty that 
the wind le predoalnently neutral, in which caee the radio obaervatione place levere 
upper llalta on the fractional loolcatlon. The upper ll*lt shown for the mi loaa 
rate of the hybrid etar i Aur la auller than prevlouily quoted value* which were 
uaed to conpute Alfven-vave driven wind *odela for such atari (llartnann, Duprea and 
Rayaond 1981). 



Fig. 2. A VIA 6 ea (4885 HH«) nap of the region surrounding the binary etar 

a Her. The baee contour level (tlw flrat solid contour) le equivalent 
to the r.*.e. nolee level. The optical positions of n 1 Her and n 7 - Her 
are Indicated, but note that the uncertainties in theae positions are 
ouch leae than the croeeea ahown. A aerendlpltoua source (S) la also 
Indicated, a 2 Her has a flux density of 1.2 1 0.2 mJy (from Drake and 
Llniky 1983b). 




V. ATOHSPHERIC MOTIONS 


In addition to the Information that lift? apcctra provide concerning the out- 
flowing wlnda of cool stars, other effecta of ataoapherlc notion* are detectable. 
Ayres at al. (1983) and Brown et al. (1983) have ahovn that In the IUE apectre of 
a wide variety of coronal stara, ranging froa dwarf atari to the euperglant 8 Dra, 
systematic wavelength ahlfta are aeen between tranaltlon region and chroaoapherlc 
ealaalon llnea. The ahlft la in the aenae that the tranaltlon region llnea are red 
ahlfted with reapect to the chroaoapherlc llnea. 

Thla phenomenon la beat Illustrated by obaervatlona of n Aur (Capella) and 
8 Dra. Ayraa (1983) obtained a aerie* of wavelength calibrated high dlaperalon IUE 
apectra cloaa to conjunction of the Capella binary ayatea. Theae apcctra were then 
co-addad to give the reaulte ahovn In figure 2 . The rero velocity represent* the 
reat velocity of the ayatea and therefore at conjunction the reat velocities of both 
atelier photoaphercs. The striking feature la th'.t all the ealaalon llnea. even the 
chroaoapherlc llnea are red shifted. Before examining the other features of this 
dlagraa It la beat to consider fi Dra. which Brown et al. (1983) have studied In de- 
tail. froa the observed line widths, profiles and ratios of the C IV and SI IV 
resonance doublets, these line* are aeen to be optically thick and aayaaetrlc to 



Fig. 3. The observed line centroid velocities for a rang* of ealaalon llnea from 
the Capella binary ayatea at conjunction. Open ayabola Indicate lines 
which have uncertain optical thickness, solid ayabola llnea which are 
definitely optically thin end hatched ayabola llnea which are definitely 
optically thick (froa Ayrea 1983). 
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the red, resulting la the Mim«d redehlfte. The observed shifts for thaaa lines 
ara tharafora most likely dua to optically thick line formation la a turbulant me- 
dlua containing accelerating upflows and/or dacalaratlng downflows. This conclu- 
alon alao appllaa to cthar optically thick llnaa auch aa tha C 11 and 0 1 raaonanca 
llnei. Hence, alapla Intarpratatlon of tha llna ahlft data la baat raatrlcted to 
tha optically thin Intereystem llnaa which arc radahlftad by +8 t k <lo) ka a" 1 In 
g Dr a and alao by a alallar amount In n Aur aa can ba aacn from Figure 3. Thaaa 
values ara naar tha llmltu poaalbla using IUE and clearly confirmation of auch 
raaulta by future higher 'quality maeauramanta la desirable, However at face value 
thaaa ahlfta Indicate a oat excesa of emlaalon from downward moving material over 
that from material moving upward. 


VI, ATMOSPHERIC MODELING 


A, Modeling Tachnlquea 

Aa might ba expected from the very different apeetra of coronal and noncoronal 
atara, tha tachnlquea uaad to calculate atmoapheric module are different for the two 
groupa of atara. 

Tor coronal atara the two tachnlquea which have bean widely uaad are amleeton 
meaaura analyela and radiative transfer modeling of the Mg II and Ca II raaonanca 
lines, Emlaalon meaaura analyela can be uaad to model the portion of the outer 
atmoephere at temperaturea ilO* K where hydrogen la predominantly Ionised, Thla 
type of analyala waa originally developed for aolar work (Fottaech 1964; Jordan and 
Ulleon 1971) and Ita general application to stellar chromospheres and coronas has 
been dlecusaed In detail by Jordan and Brown <1961), The emlaalon meaaura, E,, la 
^AH N e l1 *' where AH la the region of line formation and la related to the total sur- 
face flux of a colllslonally-exclted, effectlvrtly-thln emlaalon line, using our 
current formalism, by 


«-22 n 


8.6x10 “ "12 "E "1 . , ..2 


Here la tha averaged collision strength, Wj Is the atatlatleal weight of the 
lower level, Ng/N H la the elmental abundance, Nj/N Ion Is the population of the lower 
level and g(T H ) le the value at peak Ion population of the temperature-dependent 
function 


g<T) - T~ l/2 exp(-V 12 /kT # ) 


Wjj 1* the excitation energy and all other eymbols have their usual meaning. 

Prom the amission neaeures of Individual lines a mean cmlssloa measure distri- 
bution la derived and than plane-parallel atmospheric models can be computed in 
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hydroetatlc equilibrium using 

dT # /dh - F*/f2.0 E B <T t )T o l 
and 

dP,/dh - -7.14 x lO" 9 P,|*/T # 

where P. la the acalad preaaura (H e T g ) and g* la the atallar eurfaee gravity. 

Tha altarnatlva modeling aathod (or coronal atara la to uaa the Hg XI and, leaa 
laportantly, Ca XI raaonance line profllea to datanilna tha chronoaphartc structure 
by aeana of partial-redistribution (PRD) li.na tranafer codec and than to derive the 
tranaltlon region atructura by aatchlng tha line fluxes* of llnaa auch aa the SI IV, 

C IV, and N V reaonance llnea. Thla Method can alao be applied to noncoronal atara 
with extended ataoapherea although In thla caae the ayateaatlc outflow of the etcl- 
lar wind nuat be explicitly Included In the calculation. In order to produce rea- 
■onably unique reaulte fron Modeling the Hg II raaonance llna profllea, eonetralnta 
on the atnoapharlc preaaura nuat be obtained froa denelty aenaltlve line ratioa. 
(Thla la alao true for enlaalon aeaeure analyale.) 

Tha eatlnotion of electron denaltlea froa line ratioa la a critical etep In the 
Modeling proceaa. For coronal atara the noat uaaful line ratioa are between (1) 
the lnterayatea llnea of C III 1909 A and SI III 1892 A, although In thla caae thtt 
original denelty calibration of Cook and Nicholae (1979) nuat be corrected for the 
new SI III atonic data (Baluja, Burke and Klngaton 1980, 1981), and (ll) tha nenbera 
of the 0 IV lnterayatan nultlplet at 1401, 140S and 1407 A (Nuaabauaer and Storey 
1982). For atara with cool extended chronoaphcrea the C II lnterayaten nultlplet 
naar 2325 A provldea the beat denelty eetlnatee (Stencel et al. 1981). 

A further nethod for calculating atnoapharlc nodal* of cool extended ehrono- 
apherea Involve* the atudy of the ratioa of llnea of differing opacity which orlgl- 
uate fron the aano upper level. In the eltuatlon where one line la optically thick 
and the other la not, Jordan (1967) ahowed that the opacity In tha optically thick 
line can be deternlned and a naaa colunn denelty derived. Application of thla Meth- 
od to etellar epectra obaerved with IUE waa dlacuaaed by Brown, Ferrac and Jordan 
(1980). 

Baalcally the Method la aa follow*: The fluxea (F) In each pair of line* are 

related to their branching ratioa, b, and probabilities of eaeape, q, so that 

“ *2 b l < *l^l b 2 , 2 ’ 

Aasunlng a Gaussian profile, the probability of escape la related to the opacity at 
line center, tp, by 

q - 1 - erf(tn t q ) 1 ^ 2 

Finally, for a Dopplet-broadened line fomed at tenperatura Tj, Tq la related to the 
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mm column density, / H H dh, by 


6.0 x 10” 15 KA)f, a M 1/2 

12 N fi "ion 


ITT V?' 1 * 


where fjj tnd M th * oscillator strength and atomic weight, respectively. This 
Mthod la applicable to llnee of aaveral lone euch aa C I, S I, 0 I and Fa II. (For 
details ace Jordan and Judge 1963.) 


g. Hodala of Atmospheric Structure 

Four giant and bright giant atara have nou been modeled ualng Mission measure 
techniques. These are g Dra (C2 Ib-IIj Brown at al. 1963), 6 Gem (KO lilt Brown and 
Jordan 1983), a TrA (R4 II) and i Aur (K3 II), with the latter two models by Hartmann 
et al. (1983). The genaral conclusion la that the atmospheres are not antended, 
l.e. the extent la leas than or equal to the stellar radius. Representative Models 
of 6 Dra are shown in Figure 6. For this star, density-sensitive line ratios and 
opacity arguments suggest the 1.1 x I0 l * cm " 3 K nodal la appropriate for the trenal- 
tlon region but a slightly larger acaled pressure (3.5 x 10” cm K) la needed to 



Log ( h-R # ) (cm) 

Fig. 4. Simple spherlcally-aynaetrlc Models of temperature versus height for 

6 Draconls baaed on ealsalon Measure analysis. The scaled pressure for 
each nodal at log T c - 3.3 la indicated in units of lO 1 " cm -5 K. Kota 
that the atmospheric extant la laee than or of the order of the stellar 
radius. Only the model at Pp ■ 3.5 x 10” cm"* K can consistently be 
extended to coronal temperatures without assuming thnt the X-ray emitting 
plasma is geometrically confined (from Brown et al? 1983). 
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match tha coronal amtaelon, although thla dieerapancy can be removed by reducing the 
fractional area covaraga of tha treniltlon region plasma. Addition*] evidence that 
the atmosphere may liave nor a than one component la that tha coronal temperature 
<*'1«3 x 10 7 K) la such greater than tha escape velocity of the atar (~fl * 10 s K) and 
the coronal raglona Mat than be either magnetically confined or heated In an out- 
flowing wind. Canerally, tha preiiuree derived for thaee atara are lower than thoae 
found for dwarf atara of alollar apectral type. Tha danalty derived by Hartoann et 
al. (1963) for a TrA from the C II Interayaten llnei (A » 10® ca"^) la couparabla to 
thoaa found for extended chroaoaphera atara and probably reflects the denalcy In the 
outflowing wind of n TrA. 

Other atara have been modeled ualng radiative tranafar ccdea to Batch the Mg II 
reaonanca line profllea Including A Get (C9.5 IIIj Erlkaaon, Llnaky and Slaon 1983), 
and A Ora, c Cta (C8Ib) and o Orl (H2 lab) by Baarl, Llnaky and Erlkaaon (1981). 
Coaovlng frame model* by n Boo (KO III) and n Orl have been conputed by Drake and 
Llnaky (1983) and Hartmann and Avrett (1983) raepectlvely. Earlier nodellng of 
chronoapherlc roaonance llnea van plagued by lack of conatralnta on the ataoapherlc 
preaaure. Hartmann and MacGregor (1960, 1962) have Invaatlgated the propertlee of 
atelier wlnda heated and driven by Alfvln wave*. However, tha counter argument* of 
Holier, Pit and Leer (1963) cr.pt double on thla aachanlam for high Baaa loaa wlnda. 
No detailed Bodela have yaf, publiahed baaed on the aacape probability method. 

VZI. EVOLUTION OF ATMOSPHERIC STRUCTURE 

Our undcratandlng of the detailed evolution of the outer ataoapherlc ttructure 
of cool atara la aa yet fairly rudimentary. Tha moat comprehensive atudy of evolu- 
tionary changea In the ultraviolet apactra of giant and bright giant atari la that 
of Simon (1983) In which great care waa taken to aeparate atara aacending the giant 
branch for the flrat time from more evolved atara. Figure 5 ahowa the variation 
of C XV aurfaea flux normalized to the atellar bolonatrlc flux found far the atara 
croaalng tha Heraaprung-Rueaell gap for the flrat time. The normallaed C IV flux 
rlaea eteadlly to a maximum at GO III and then decllnca again. The range of C IV 
emlaelon among tha late G and early X glanta Including the more evolved stare ie 
large, about a factor of 30, reflecting the reaulta already mentioned concerning 
the Hyadaa glanta. Additionally, Simon ahoved that tha normalized C IV flux la 
wall correlated with v aln 1 Indicating, that much of the ayateaatlc change aeen In 
Figure 5 la related to changea In the atellar rotation rates and tha growth of eub- 
photoapharlc convection zone*. 

Although aa yet too few quantitative models of ataoapherlc atructura exlat to 
allow tha detailed evolution of atellar chrosaapharaa and coronae to be explained, 

It la poaalbla to speculate on the major factora affecting the outer atmoapheraa of 
eeara evolving toward! the giant branch. Cray (1982) hae ehown that tha aurfaea 
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fig. 5. Normalized C IV fluxes for fallow giants plottad vartua B-V. Star* evolv- 
lng up tha giant branch for tha firat tiaa ara ahown aa squares whila more 
evolved tear a ara ahown' aa eirclaa. Triangles and invarted triangle* indi- 
cate tha coaponenta of tha Cape?la binary and the Kyadea X glanta respec- 
tively. Detection* (with lo error bars) are plottad aa filled symbol* and 
lo upper Haiti aa open ayabola. The vertical dashed line shows the posi- 
tion of tha Unsky-Halscb dividing line (froa Simon 1983). 


rotation rata of glanta dscraaaas dramatically and abruptly at spectral type 05. 
Rotation is a aajor factor in tha generation of surface magnetic fields by th* 
dynsao aechanlsa. The coronal activity level of a star that suffers a large de- 
crease in rotation will be greatly reduced and its ability to retain wagnetlcally- 
confined coronal plasaa diminished. Slaon, LlneVy and Stencsl (1982) drew attention 
to the systematic reduction in the temperature of the critical point of a Parker- 
type thermally-driven wind and the relation of this change to the cooling and ex- 
pansion times of tha wind'. The form of the radiative power lose function of a hot 
plaaoa (cf. McWhlter ( Thonemann and Wilson 1975) la such that If a plasma has a tem- 
perature between ~10* X and -5 x 10® X and no heating le supplied, then the plasma 
will cool rapidly to ~10* X. Simon at al. noted that the critical temperatures for 
8 Gen (coronal) and a Boo (non-coronal) were £2 x 10® X and £3 x 10® X respectively 
and suggested that a lack of confined magnetic regions and the above rsdlatlve insta- 
bility together could account for the lack of transition region and coronal plastic 
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In o Poo* This type of explanation aeeita reasonable given our current knowledge of 
the detailed propartlae of theae stars. It la Interesting to note that, because of 
their larger usees, the hybrid bright giants and auperglanta have critical ten- 
paraturaa above 5 x 10* K. For example, using the stellar propertleo adopted by 
Hartunn at al. <1983) for a UK (log g - 1.5, R - 79 R e ), the critical temperature 
for this star la £ 7 x 10* K. 

X would like to acknowledge support by National Aeronautics and Space Adminis- 
tration grant NAC5-82 to the University of Colorado while preparing thla review, I 
would Ilka to thank Drs. T. Ayrea, K. Carpenter, S. DrakeT 1. Hartmann, C. Jordan, 
J. Unsky and F, Walter for their advice and helpful discussions concerning the 
aubject of thla rsvlew. 
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